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NATIONAL ADVISORY COMMITIGE FOR AERONAUTICS

ADVATCE SR DO RT

FPLIGHT TESTS OF THE LATERAL CONTROL CHARACTERISTICS OF AN
F6¥-2 ATRFLANE EQULPPED VITH SERING-TAB ATLIRONS

By Talter £, Wwilliams
SUMMARY

Flight tests were mede to determine the lateral con-
trel characteristics of an T6F-3 airnlane cguipped with
snpring-tab allerons, viich were develoncd by the Gruwmman
Alreralt Engineering Corp. and have been made a production
installation on F6F airplanes.

The flight tests showed that the spring-tsb ailerons
had dssiradly light stick forces =2nd no tendency to over-
balance. Although the taebs were not mass-balancsd, no

. flutter tendencies were indicated at speeds up to LoD miles
per hour, and any oscillations following abrupt control
deflectlons were heavily damped. The spring-tab allerons

v gave 80 percent higher values of effectlveness with a
Z0-pound stick force at 1100 miles per hour than the
original ailerons on the FAF-% airplane. At apceds lower
than 275 miles per hour, the spring-tab ailercons were less
effective than the original zilerons sccause of restricted
aileron travel as a result of the use of large stick
deflection teo deflect the soring tab. Fecommendations are
mace for modifications that would incresse the aileron
effectivences at low speeds without affecting the lateral
control et high speeds. The modifications consist of
increasing the available alleron deflsction and mocifying
the spring-teb arrangsment. Such an arrangement nizht,
wowever, be more susceptible to flutter than the produc-
ticn installation.

INTRODUCTION

Tlight tests were made to dctermine the later

trol characteristics of an T'6F-% asirplane equil G
spring-tab ailerons, which were develoned by the Crumman
roduction

C
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installation on F6F airplanes. Considerable interest has .

been shown in the use of spring tabs as a means of balqncing
control surfeces on high-speed ailrplanes, because spring

tabs permit light control forces to be obtained at high

sveeds without maklng the balancing action critical to

swall changes in control-surface nontour. These advantazss

are obtalnecd because the balancing acticn vprovided by a

spring tab is proportional to the apolied control force,

and very close aerodynamic balance of the control surface

1z not requlired.

ATRPLANE AND ATLERONS

The F6F-%3 airplane is a low-wing, single-place,
single~engine, fighter-type monoplane. A three-view
drawing of the airplaene is ghown as figure 1. The spring-
tab zilerons have a Frise type nose ba linve and are
identical to the original Eéf -3 gllerons except that a

spring tab has been installed on each aileron. These
spring tabs are idsentical in size and location to the
trim te2h on the origsinal T6F-%3 ailerons; in the case of
the spring-tab ailerons, howsver, the tab on the leflt .
eileron is a combination trim and spring teb. Detalls
of the spring-tab aileron arrangemsnt are shown in fig-
ures 2 and 3, which were furnished by thz CGrumman Aircraft
Engineering Corp. Dimensions pertinent to the aileron
characteristics are as follows:

Wing span, Fet « v ¢ o o v 0 o e . 0 4 e e e e 42.85
Atileron span (each), feet . + + + « ¢ + « « « + « 0.375

Distance from center line of airplane to
inboard e¢nd of aileron, percent semispan . . . . 6l
20

bN]

Aileron chord, percent wing chord . . . « . . .+ .+ .
Lileron area behind hinge line (each), square feet. u%
Sorirg-tab area (each), square foot . « + .+ .« . . 6
Soring-tasb span (each), feet .+ « o« o « « « o .+ . 75
2tick force required to deflect spring tab 1°,
DOUNAS o v o o o o o s e 4 4 4 e e e e e e e e . 1.6
No preload was used in the spring of the arrangement ‘

t3sted and the tabs had no mass balance. The variation

of stick position with right-aileron spring-tab angle

vith ths eileron held neutral is shown in figure L. The ‘
tab angles are measured in dsgrees from the alleron. The

ralation between stick position &nd right- and left-alleron

zngle, with no load on the control system, is shown in

figure 5. The aileron angles are refercnced to neutral.
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TNSTRUMENTATION

Stendard NACA photographic recording instruments,
synchronized by an electrical timer, were used to neasure
alrspeed, rolling velocity, aileron stick force, and the
position of the spring tab, eileron, and stick. Correct
service indicated alrspeed Vs used hersin is defined

s

as
- ¥t
Vis Lfdﬂ%

where
¥ = 115,08
fq compracsibility correction at sea level
qe impact pressure, measured difference between static

and total-head pressures corrected for position
error, inchzss of water

TEST RESULTS AND DISCUSSTON

Tests were made to determine vhether the spring-tab
ailerons tended to oscillatzs or flutter in che so23=

to /j00 miles per hour. Thass t3:sts f)thyt,u r

in which the pilot sbruptly deflected and rel ol
alleron control =zt various spseds. 1331041 tﬂme nistories
of the maneuvers are shown in flzure 6, vhich indicates
thet any oscillation of the ualleron or spring tab weas

heavily damoed and disappeared completely within two
cycles., The pilot reported no flutter in the spsed range
up to 1100 miles per hour.

The lateral control charecteristics were measured in
abrupt aileron rolls with the rudder held fixed as
described in reference 1. These rolls were made at
increments of 50 miles per hour from avproximately 100
to ;00 miles per hour. The results are given as the
variation of helix angle pb/2V and change in aileron
stick force at various spesds with the chuinge in total
aileron sngle in figure 7 and with stick position in
figure 3. No force data are shown in these figures for
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most of the end points cn the %%-curves because the con-
trol stick was against the stops and the forces recorded
were a measure of how hard the pilot was pushing against
the gtops rathesr than a measure of the forcc required to
deflect the ailerons. Limited stick deflections were used
at 350 and LOO miles per hour in order that the structursl
Azsign loads of the system would not be exceeded. Tigurezs 7
snid & show that the aileron stick forces ars quite light
znd there is no tendency toward overbalance. It should

ve noted however that, although the and tzest points in
figzure 7 indicate partilal aileron deflection, figure &
chows that substantially full stick travel was used to
obtain these aileron deflections. This condition occurs
because conclderable stick travel 1s used to deflect the
spring tab.

In all flights for which data are presented herein,
the trensmitter of an NACA electrical control-position
recorder wos mounted externally on the vight aileron to
measure the spring-tab angles, 4 flight muade without the
transmitter, however, showed that this protuberance caused
no change in the aileron characteristics. The results
of the measurements of spring-tab angles during the abrupt
#ileron rolls are shown in figure 9 as the variation of
snring-tab angle on the right aileron with deflection of
that aileron. The sirilarity of these curves to curves
of hinge-morent coefficients for a Frise type 2ileron,
sach 2s is used on the F6F-3% airplane, indicate that the
t=b angle i1s proportional to the stick force required
to deflect the saileron. That is, for the down-aileron
dellections, the large tab angles indicate little aero-
dynamic balance; while for the up-2ileron deflections
the negative tab angles tend to oppose the ailsron travel,
which indicates aerodynamic overbalance, until separation
occurs about the nose. Separation decreases the aerodynamic
balance and causes the spring tab to deflect in a direc-
tion to aid in deflecting the ailerons.

The over-all efficiency of the spring-tab allerons
is comparcod with that of the original F6F-3% allerons in
figures 10 and 11. These figurcs present, respectively,
the pb/2V and the rolling velocity at an altitude of
10,000 feet obtained throughout the speed range with full
stick deflection or 30-pound stick force, whichever occurred
first. The data for the original allerons were obtained
from a flight investigation (unpublished) of the handling
qualities of the F6F-3 alrplane. These data show that
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the sovring-taeb allsrous arg
original allerons at speﬁds

275 miles per hour. The loss in e
sprlng—tab silerons 1s csuse
trevel, which results fron t sticl
dcflectlon to Jaflect the szpring tab. At sneseds vrext@r
than 275 m«]e ver hoar, the effect of th: liqhter stk
forces of the spring-tseb ailerons becones »red

and, as a result, the silsron slfectiveness ok
with a 50—puund stick forze at 100 wiles per hour is
aporoxinately 20 percent n.gher with the sypring-ta
allerons then the allesron effectiveness Outﬂlnpd with
the original ailerons.

Y

The loss In effsctiviness of ths spring-tab ailercns
can Le decreased &t low speeds without affocting the
desirably 11Lnt stick Iorces at high svezds if a stiffer
spring is used and if the length of

2as g I

o
» &t *he same time,
the tab actuating arm (f

ratio of stick fore

as in the spring-ta oY
arrangement, the stick cef’
deflaoction would be decreas
allow largzer u;lOPCﬂ defleo

is so inecr
lection is k%ept t@e sawe
sted. In this sugiestad
&c n required for fu_l teak
¢d and this decrcase would
ti Sucih an arrangewent,

homevor, might mule the tab instsllation more suscertible
to flutter (r ference 2); thest 1s, the tad vould have a
greater mechenical sdvantage over the coatrol systen

than the spring-tasb tected nd, iherefore, inertic effects

-
O
Q
!A)
c
(&)
o
H\

lutter. Turther
at the lower speeds

of the tab would be more 13lely
incrzages in ailleron 1fevtivmaa

i
n

could be acecomwnlished hy incr9351ng the dovm-alleron
deflection to the same value 2s the nresent up-aileron
deflection. Increasess in the uo- a1’~“0p defllection
are not resc nmrendpd, howaver, since figure 9 Indica

-t
(2
2

flow separation avout Lthe nose bdla“Je snd any Ilncrense
in up~aileron deflection might therefore result in

aileron buffet at full dellectiom. Alth01rh the
In domm=aileron deflaction might result in sounewha
stick forces throughout the sp:ed range, some rodu
could be made in the spring stiffnezs to reduce the stick
forces to the »resent valuss snd, at the sua i
increased alleron effectivencss at low sneerds,

CORCLISTONRE

Flight tests to determine the lateral control char-
acteristics of an F6F-7 alrplane equipped with spring-tab
ai lerons indicated the following ccnclusions:
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1. The spring-tab eilzrons on the FEF-% airplane
showad no tendancy to flutter in the speed range up to
Lo0 miles per hour, and any oscillations following
abruot control deflection were heavily camped.

2. The spring-tab allerons had desirably light sticl
forz=g without any tendency to overbalance.

3, Ths spring-tab allsrons gave U0 percent higher
veluas of effectiveness with a 30-pound stick force at
.00 miles ner hour than the original F6F-3 ailerons. At
coeeds lower than 2795 miles per hour, the spring-tab
¢ilsrons had lsss effectiveness than the original ailerons
bcaunse of restricted aileron travel as a result of the
use of large stick deflection to deflect the spring tab.

li. The available ailercn effectiveness with the
spring-tab eilercons at the lower speads could be increasad
without affecting high-s»need lateral control vy an increase
in the available eglleron deflection and a wodification
of the soring-teb srrangement. Such an arrsngement might,
rowever, Ve more csusceptible to flutter than the produc-
tion installation.

Langley Mermorizal feronautical Latoratory
I'ational Advisory Committee for Aeronautics
Langley Field, Ve,

1, Jolnson, FKarold I.: NWACA Procedure for Flight Tests
of Alleron Characteristics of Airplanes. NACA
RR Yo. 3G2l, 1913,

2. Coller, A. R.: The Prevention of Flutter of Soring
Tabs. FReod. No. S.M.E. 32119, British R.A.E.,
May 19L3%.




NACA ARR No. L5C23 . Fig. 1

5'9 7/6“

l

i3 9".“

35 PERCENT CHORD LINE

42' 10" SPAN J

e ,

13" 1" DIAM. THREE-BLADE
P 0 HAMILTON STANDARD PROPELLER

0 \

[ [
L ! GROUND-LINE STATIC 1 0AD

T—|I' 0" TREAD—

33' 10" OVER-ALL LENGTH

“ s

LEVEL- GROUND-LINE STATIC LOAD
NATIONAL ADVISORY
COMMITTEE FOR ABRONAUTICS

|
|
Figure 1.~ Three-view drawing of F6F-3 alrplane.
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{Data furnished by Grumman Aircraft Engineering Corp.)
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